Objectives-To investigate the occurrence of disorders associated with the hand arm vibration syndrome in a large population of stone workers in Italy. The dose-response relation for vibration induced white finger (VWF) was also studied. Methods-The study population consisted of 570 quarry drillers and stonecarvers exposed to vibration and 258 control stone workers who performed only manual activity. Each subject was interviewed with health and workplace assessment questionnaires. Sensorineural and VWF disorders were staged according to the Stockholm workshop scales. Vibration was measured on a representative sample of percussive and rotary tools. The 8 h energy equivalent frequency weighted acceleration (A (8)) and lifetime vibration doses were calculated for each of the exposed stone workers. Results-Sensorineural and musculoskeletal symptoms occurred more frequently in the workers exposed to vibration than in the controls, but trend statistics did not show a linear exposureresponse relation for these disorders. The prevalence of VWF was found to be 30'2% in the entire group exposed to vibration. Raynaud's phenomenon was discovered in 4*3% of the controls. VWF was strongly associated with exposure to vibration and a monotonic dose-response relation was found. According to the exposure data of this study, the expected percentage of stone workers affected with VWF tends to increase roughly in proportion to the square root of A (8) Adverse health effects resulting from the use of vibrating tools in the stone industry have been reported since the beginning of this century. In 191 1, Giovanni Loriga, an Italian physician, first described the occurrence of episodes of tingling, numbness, and whiteness in the fingers and hands of stone and marble cutters and carvers who used barrel shaped air hammers without a handle and throttle valve.' Later in 1918, Alice Hamilton reported that 89-5% of 38 limestone cutters of Bedford, Indiana, United States, had attacks of finger blanching (defined as "spastic anemia affecting the arterioles of the fingers and hands")2 resembling the digital ischaemic phenomenon described by the French physician Maurice Raynaud in 1862. A personal review of the available scientific literature showed that in the last 80 years about 20 epidemiological surveys of vibration induced disorders among stone workers have been performed. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Italy produces more stone than any other country in the world (7-2 million tons in 1991). In Italy great varieties of ornamental stones such as marble, travertine, porphyry, granite, and serpentine are excavated in the quarries and processed in the mills. In recent decades there has been limited implementation of technical measures aimed at reducing the risk from exposure to excessive vibration in the stone industry. Taylor et al who revisited the limestone quarries of Bedford after a 60 year interval,7 found that no change in the design of the air hammers used by the stonecutters had taken place since the 1918 Hamilton survey. We did similar observations in a previous study of travertine quarry drillers and stonecutters who mainly operated percussive pneumatic tools.'0 In the present study, the occurrence of hand-arm vibration syndrome was investigated in a large sample of quarry drillers and stonecarvers working in several districts of Italy. The term hand-arm vibration syndrome is used to refer to the collection of peripheral neurological, vascular, and musculoskeletal symptoms that are recognised to affect the upper extremities of workers exposed to vibration. As the characteristics of vibration exposure in the stone industry were found to be stable over time, mainly with respect to the type and design of the pneumatic tools used by the stone workers, the relation between vibration exposure and the various components of the hand-arm vibration syndrome was also studied.
Hand-arm vibration syndrome and dose-response relation for vibration induced white finger among quarry drillers and stonecarvers M Bovenzi and the Italian Study Group on Physical Hazards in the Stone Industry Abstract Objectives-To investigate the occurrence of disorders associated with the hand arm vibration syndrome in a large population of stone workers in Italy. The dose-response relation for vibration induced white finger (VWF) was also studied. Methods-The study population consisted of 570 quarry drillers and stonecarvers exposed to vibration and 258 control stone workers who performed only manual activity. Each subject was interviewed with health and workplace assessment questionnaires. Sensorineural and VWF disorders were staged according to the Stockholm workshop scales. Vibration was measured on a representative sample of percussive and rotary tools. The 8 h energy equivalent frequency weighted acceleration (A (8) ) and lifetime vibration doses were calculated for each of the exposed stone workers. Results-Sensorineural and musculoskeletal symptoms occurred more frequently in the workers exposed to vibration than in the controls, but trend statistics did not show a linear exposureresponse relation for these disorders. The prevalence of VWF was found to be 30'2% in the entire group exposed to vibration. Raynaud's phenomenon was discovered in 4*3% of the controls. VWF was strongly associated with exposure to vibration and a monotonic dose-response relation was found. According to the exposure data of this study, the expected percentage of stone workers affected with VWF tends to increase roughly in proportion to the square root of A(8) (for a particular exposure period) or in proportion to the square root of the duration of exposure (for a constant magnitude of vibration). Conclusion-Even although limited to a specific work situation, the doseresponse relation for VWF estimated in this study suggests a time dependency such that halving the years of exposure allows a doubling ofthe energy equivalent vibration. According to these findings, the vibration exposure levels currently under discussion within the European Community seem to represent reasonable exposure limits for the protection of workers against the harmful effects of hand transmitted vibration.
Adverse health effects resulting from the use of vibrating tools in the stone industry have been reported since the beginning of this century. In 191 1, Giovanni Loriga, an Italian physician, first described the occurrence of episodes of tingling, numbness, and whiteness in the fingers and hands of stone and marble cutters and carvers who used barrel shaped air hammers without a handle and throttle valve.' Later in 1918, Alice Hamilton reported that 89-5% of 38 limestone cutters of Bedford, Indiana, United States, had attacks of finger blanching (defined as "spastic anemia affecting the arterioles of the fingers and hands")2 resembling the digital ischaemic phenomenon described by the French physician Maurice Raynaud in 1862. A personal review of the available scientific literature showed that in the last 80 years about 20 epidemiological surveys of vibration induced disorders among stone workers have been performed. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] Italy produces more stone than any other country in the world (7-2 million tons in 1991). In Italy great varieties of ornamental stones such as marble, travertine, porphyry, granite, and serpentine are excavated in the quarries and processed in the mills. In recent decades there has been limited implementation of technical measures aimed at reducing the risk from exposure to excessive vibration in the stone industry. Taylor et al who revisited the limestone quarries of Bedford after a 60 year interval,7 found that no change in the design of the air hammers used by the stonecutters had taken place since the 1918 Hamilton survey. We did similar observations in a previous study of travertine quarry drillers and stonecutters who mainly operated percussive pneumatic tools.'0 In the present study, the occurrence of hand-arm vibration syndrome was investigated in a large sample of quarry drillers and stonecarvers working in several districts of Italy. The term hand-arm vibration syndrome is used to refer to the collection of peripheral neurological, vascular, and musculoskeletal symptoms that are recognised to affect the upper extremities of workers exposed to vibration. As the characteristics of vibration exposure in the stone industry were found to be stable over time, mainly with respect to the type and design of the pneumatic tools used by the stone workers, the relation between vibration exposure and the various components of the hand-arm vibration syndrome was also studied. The stone workers exposed to vibration reported a detailed description of the hand held power tools used during their career. Professional usage of vibrating tools was expressed in terms of operating h/day, days/y, and total years separately for each tool. Only 22 subjects (3 9%) had been engaged in previous jobs with vibrating tools for a short time (0-5-2 y). A workplace tool assessment showed that vibrating tools of the same type and model were used in the quarries and mills, as a very limited number of manufacturers supply the Italian stone industry with portable vibratory tools. The tasks performed by the drillers and carvers have been described in detail elsewhere. 7 10 Hand transmitted vibration was measured on the handles of a representative sample of rock breakers (n = 3), rock drills (n = 5), stone hammers (n = 5), and angle grinders (n = 4) used by skilled stone workers under actual operating conditions. 3 7) 43 (18 1) 69 (12 1) found for each of the job categories exposed to vibration compared with the controls ( No significant difference in the occurrence of other disorders was found between the job categories exposed to vibration. The distribution of SN disturbances by stage was similar among the workers exposed to vibration (table  6) , whereas moderate or severe symptoms of The log odds of risk of VWF associated with vibration exposure was also estimated with A(8) and duration of exposure as quantitative predictor variables (fig 1) . The logistic model including linear terms for each of A (8) and duration of exposure achieved an excellent goodness of fit (Hosmer-Lemeshow x2 = 2-295, degrees of freedom = 8, P = 0-97 1). The specific test for curvature in the regression line was not significant (P = 0343 for the quadratic effect of A (8) was found. Hence, the results of the quantitative logistic analysis suggested that the effects of A (8) and duration of exposure combined to increase the risk for VWF among the stone workers exposed to vibration. In particular, the OR for VWF was estimated to increase by [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] based on the mean latency as an indicator of exposure duration tend to allow greater prevalences of VWF with lower vibration magnitudes. 1 26 Hence, it is not surprising that the use of different quantities to express exposure duration (latency or total exposure period) can result in discrepancies between studies in the risk estimates for VWF.
It is recognised that the prevalence of symptoms of VWF in a group exposed to vibration depends on several factors including the characteristics of vibration exposure (magnitude, frequency, duration), the operator's method of working, the environmental conditions, and the individual susceptibility. Prevalence, as an effect measure, is also highly dependent on the rate at which workers enter and leave the group. Even though the relation of VWF to vibration exposure has proved to be complex and the results of cross sectional surveys should be interpreted with caution, nevertheless the findings of this study suggest a simple dose-response relation based on a time dependency such that, if vibration magnitudes are doubled, a halving of the years of exposure is required to produce the same effect. Thus, within the frame of the currently proposed time dependencies for vibration exposure, this study tends to substantiate a form of doseresponse relation in which vibration magnitude and total duration of exposure contribute equally to the prediction of occurrence of VWF. This finding provides epidemiological support to some general statements contained in hand transmitted vibration standards718 and adds further dose-effect information for future development of the current standards. Even though limited to a specific category of workers exposed to vibration our results may also be used to assist in the formulation of exposure limits. With regard to this subject, the EC Commission has recently suggested exposure levels for hand transmitted vibration within a proposal of directive for the protection of workers from the risks arising from physical agents. 30 In the proposal of directive the methods of measurement and assessment of vibration exposure are basically derived from BS 6842,18 and the exposure levels are expressed in terms of A (8) . The threshold level is established at 1 m/s2, the action level at 2-5 m/s2, and the ceiling level at 5 m/s2. Specific provisions are indicated for exposure values above the threshold level, which is defined as "the value towards which implementation of this Directive should be geared". Considering a prevalence of 10% as a threshold effect value for VWF in a group exposed to vibrations the dose-response relation of this study predicts that such a prevalence will occur after about 5-1 years of exposure to the EC action level. This figure is similar to that suggested in a recent review paper,3' and is not far from the estimates provided by BS 6842.18
Conclusion
The findings of this study showed a greater occurrence of upper limb disorders in quarry drillers and stonecarvers exposed to vibration than in control stone workers performing only manual activity. As well as vibration, ergonomic stress factors are likely to have played a part in the development of carpal tunnel syndrome and musculoskeletal disorders among the stone workers who use hand held vibrating tools. Symptoms of VWF were strongly related to vibration exposure, and a monotonic dose-response relation could be shown. Even though the results of this study concern the health hazards associated with the use of vibratory tools in a specific work situation, nevertheless the estimated relation between VWF and exposure to vibration was found to be consistent with the current state of knowledge of the dose-effect relation for hand transmitted vibration. ' 
